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Title of the invention : Compound Semiconductor Device 

It is disclosed a conventional monolithic microwave integrated circuit. Such a 
conventional integrated circuit has the following problems. The he tero-j unction bipolar 
transistor and the metal insulator metal capacitor are separately formed using separate sets of 
masks. This means that the total number of the necessary masks and fabrication processes are 
large. Different three metals are used for emitter, base and collector of the hetero-junction 
bipolar transistor. This makes the fabrication processes complicated. It is desired to avoid any 
further increase in the number of the fabrication processes. 
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PROBLEM TO BE SOLVED: To provide a compound semiconductor device which can reduce the 
resistance value fluctuation of a resistance element incorporated in a microwave monolithic IC and can 
be manufactured easily with a high yield. 

SOLUTION: A compound semiconductor device is constituted so that a heterojunction bipolar transistor 
30 and a resistance element 31 can be formed on a semi-insulating semiconductor substrate 1 1 . The 
element 31 is composed of a resistor 19 made of the same material as that used for the sub-collector 
layer 1 2 of the transistor 30 and the resistor 1 9 of the sub-collector layer 1 2 has a thin etching stop 
layer 20 made of a different material on the surface on a collector layer 13 side. The etching stop layer 
20 has transition layers 20B and 20C the compositions of which continuously change to that of the 
collector layer 13 or sub-collector layer 12 on one or both sides of the different material layer 20A. 
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(54) COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compound semiconductor device 
which can reduce the resistance value fluctuation of a resistance element 
incorporated in a microwave monolithic IC and can be manufactured easily 



with a high yield. 

SOLUTION: A compound semiconductor device is constituted so that a 
heterojunction bipolar transistor 30 and a resistance element 3 1 can be 
formed on a semi-insulating semiconductor substrate 1 1 . The element 3 1 is 
composed of a resistor 1 9 made of the same material as that used for the 
sub-collector layer 12 of the transistor 30 and the resistor 19 of the 
sub-collector layer 12 has a thin etching stop layer 20 made of a different 
material on the surface on a collector layer 13 side. The etching stop layer 20 
has transition layers 20B and 20C the compositions of which continuously 
change to that of the collector layer 1 3 or sub-collector layer 1 2 on one or 
both sides of the different material layer 20A. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Compound semiconductor equipment characterized by providing the following in which the heterojunction bipolar 
transistor and the resistance element were formed on the half-insulation compound semiconductor substrate. A terrorism junction 
bipolar transistor is a collector layer to the above. It is the transition layer from which it has this collector layer and a 
high-concentration sub collector layer by the same conductivity type, and the aforementioned resistance element consists of the 
same quality of the material as the sub collector layer of a terrorism junction bipolar transistor to the above, the aforementioned 
sub collector layer equips a collector-layer side front face with the etching stop layer of different material, and this etching stop 
layer changes to the band gap of a collector layer or a sub collector layer, or composition continuously at the one side or both 
sides. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the microwave monolithic IC which started compound 
semiconductor equipment, especially carried the heterojunction bipolar transistor (HBT) and the resistance element on the 
half-insulation compound semiconductor substrate. 
[0002] 

Pescription of the Prior Art] In recent years, development of the high power element which operates with a GHz band is 
demanded with the spread of devices which operates with ultrahigh frequency bands, such as a cellular phone. By using junction 
of different material, such as AlGaAs or GalnP/GaAs, for example, for an emitter / base junction, since the degree of electron 
transfer is high and the band gap of an emitter is larger than the band gap of the base, a heterojunction bipolar transistor (HBT) 
can take an electronic high injection efficiency. For this reason, the high power property of several W intensity is acquired with a 
GHz band, and it is observed as what suits the above-mentioned request. 

[0003] For example, according to reference (IEEE ELECTRON DEVICE LETTERS, Vol 14, NolO, October 1990PP 493-495), 
the patent No. 2522280 official report, etc., an example of the heterojunction bipolar transistor using compou nd semiconduct or 
material is indicated. As for this, the laminating of an n+-GaAs sub collector layer, a n-GaAs collector layer C!ap+-GaAs base ^) 
layer, a n- AlGaAs emitter layer, the n+-GaAs emitter contact layer, etc. is carried out on the half-insulation GaAs substrate. 
[0004] By the way, a resistance element is included in such a heterojunction bipolar transistor, and it is in the inclination 
monolithic-IC-ized. Since a sub collector layer has high high impurity concentration and ohmic contact can be easily taken with 
wiring metals, such as AuGe/nickel/Au, when monolithic-IC-ized, as a resistor of a resistance element, pattern processing is 
carried out and a sub collector layer is used for a necessary size. Moreover, since control of high impurity concentration is also 
easy for a sub collector layer, it is possible to be able to control sheet resistance to dozens ofohms / ** grade, and to form the 
resistor of arbitrary resistance by selection of a pattern configuration. 

[0005] Drawing 3 shows an example of the cross-section structure of the microwave monolithic IC which integrated the 
heterojunction bipolar transistor and resistance element of the starting former. The heterojunction bipolar transistor 30 and the 
resistance element 3 1 are formed on the half-insulation GaAs substrate 1 1 . The collector layer 1 3 which consists of an n type 
GaAs layer is formed on the subreollector layerl^Miich the heterojunctionjbipoj^transistor 30 becomes from an n+ type GaAs 
layer, and the(emitter 'layerHR ^ruxS^^ n type AlGaAs layer me^a^Tayerf^which the upper layer turns into from a 

p type GaAs layerTs tormeoCand is [ layer ] a dissimilar material further at theupper layer is formed. Electrodes 21 and 21 are 
ejection electrodes of a collector layer, electrodes 22 and 22 are ejection electrodes of the base, and an electrode 23 is an ejection 
electrode of an emitter layer. 

[0006] On the other hand, a resistor 1 9 is formed using the layer of the same quality of the material as the sub collector layer 1 2 of 
a heterojunction bipolar transistor, and, as for the resistance element 3 1 , electrodes 24 and 24 are the ejection electrode. In 
addition, as for connection wiring of a transistor and a resistance element, illustration is omitted in this drawing. 
[0007] Drawing 4 shows the compound semiconductor substrate before forming a heterojunction bipolar transistor and a 
resistance element. The laminating of the n type AlGaAs layer 16 grade from which this substrate serves as the n+ type GaAs 
layer 12 which turns into a sub collector layer from the bottom on the half-insulation GaAs substrate 1 1 , the n type GaAs layer 1 3 
used as a collector layer, the p type GaAs layer 14 used as a base layer, and an emitter layer is carried out by EPI growth, 
respectively. By phot lithography, patterning of each EPI growth phase is carried out gradually, it ********** s and the 
heterojunction bipolar transistor 30 and resistance element 3 1 which are shown in drawing 3 are formed in the shape of a mesa. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in order to form a resistor 19 using the sub collector layer of a 
heterojunction bipolar transistor, you have to remove the n type GaAs layer 13 which turns into a collector layer which is the 
upper layer by etching. However, the collector layer 1 3 and the sub collector layer 1 2 are constituted from an n type GaAs layer of 
this quality of the material by each, and it is only that the concentration differs. For this reason, if tenriinal point detection of 
etching is difficult and becomes over-etching, the thickness of a resistor 19 will become thin too much, and will become the cause 
which puts resistance out of order, moreover, an undershirt — when dirty, an n type GaAs layer will remain, and it becomes the 
cause which it becomes impossible to take the ohmic contact to the ejection electrodes 24 and 24 of resistance, and a resistor 19, 
and puts resistance out of order similarly 
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manufacture yield as an easy thing. 
SforSol^^ 

of this Mention formed the heterojunction ^^J^J^S^SSSSr layer, and tins collector layer and tie 
semiconductor substrate A terrorism junction ^fran^ »Wf The doTen U OQed distance element is what 
high-concentration sub coUector layer by die same ^ to to^bove^ ^ ^ ^ ^ 

Jnsists of the same quality of the material as the sub ^^^^SSS^ layer of different material, and 

Sn^ 

Ihe thin etching stop layer of different matenal accordmg^ to C ^different material so that the semiconductor 
**********s a collector layer can stop advance ^^^J^^Zs.l^ of such the etching quality of the 
layer which constitutes a sub collector layer may not be *• '** m f ato etdnnTof a coUector layer is completed, the etching 
material of etchant, etching of a collector layer advances »^^™^2.„... etching by the etchant concerned 
stop layer of different material exposes it to a front of a res istor by overtoiling by this - 

canVtermmate^ 

layer to composition of a collector layer or a sub collector layer ^ntauoudy "jjjjj^gj ^ by me drift field can pass 
changed continuously smoothly ^around an "™f ie Xor resistant of a heterojunction 

through the change portion of the band ^gat » smoothlyjor tos ^^^^^ m ^ 0 f existence of the etching stop 
bipolar transistor can be P revente4 and a RF prope^ c^ 

resistance is not produced. 
S^en^ 

00 1 5] Drawing 1 (A) shows 1 cross-section composition of °Tm^0 The point that the heterojunction bipolar 

LventioZ^dfeshows the enlarged section of the f 2/^on GaSbstiate 11 is the same as that of a Prior art. 
transistor 30 and the resistance element 31 are carried on ^^^^^ l fS^ tm dement 31 consist of 

L different material, or AlGaAs. This layer consists of G4 .5 ^ ^gZpartaa changes to Gal .OOAsl .00 which is 
different-material layer 20A, and tiansition ayere 20B and 20C &™ » * ? f y smoothly. The 

composition of composition of different-material layer ^^^^^i,^ of transition layers 20B and 20C is 
thickness of different-material layer 20A is very as thru as ™J 20C is about three 3xl018/cm n+ type, 

about 300A, respectively. The high nnpunty concentration of each xkss MA, 20B ana l rf & 

The thickness of each transition layer 1 5 and 1 7 is 300A ^ *>*X £ A. high-impurity-concentration 
[0019] The best layer of an emitter l^" 5 *^ a P/ a y er . 1 8 ' ,?^o r t^^Se ^ritterrfectrodSs which counts of 

^^^^ 
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W»e sheet resist wm^ 

grow* of the G.M layer from which th.s substrate ^^"S^wirontbe collector sideftonl 

Lied out, EPI grcwth of CMnP o, the AlGaAs layer ™* ' ^ SjSJK fiate «4e upper layer is earned 
face is carried out, EPI gtowth of the » type GaAs layer wtach rums Mo a co lee today er H tether ^ 

^.-material la^r) 20^ GaAs 

is carried out further. . . - t . nhnt uthooranhv and the mesa etch of the layers 15, 16, 17, 

[0023] Next, as shown in drawing 2 (B), patterning is earned out w& P ho ^7^^^ ^ base layer U and the 
and 18 for forming an emitter region is performed. Next, as shown in drawing 2 (C), pattenung ot the base layer 

TonJlrL^is^ 

KidtnS^ 
or^n^^ 

SoS to a front face, and — *****ing the sub collector layer 12, when etchmg of a collector layer 13 fully advances by 
Sutwimphothmo^^ 

the etching stop layer 20 first, a mesa etch is performed using the etchant which 

consists of a GaAs layer. ♦ „f„„^;«~»wtr<v1e a collector electrode, a resistance electrode, 

evaporation of AuGe/mckel/Au, and forms tte predetermuted ''^^"•^feto^Lluchcor^of ntype 
^^iT-.**-.!*." P^^^Sr^r^u is simil-y c^ried ou, 

Lopemueofthec» M p<rio„wi m ph^^ 

possible to use the etchant which has the selectivity which => combma uon of the material which can ensure 

^ m e material which constitutes an etching stop layer, an d if i .is the combrton ot me ^rna 
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[Effect of the Invention] this invention prepares the etching stop layer of different material between the collector layer of a 
heterojunction bipolar transistor, and a sub collector layer in the semiconductor device which formed the heterojunction bipolar 
transistor and the resistance element on the half-insulation compound semiconductor substrate as mentioned above. Thereby, in 
case a resistance element is formed using a sub collector layer, etching removal only of the collector layer can be carried out 
completely, without ********** m g a sub collector layer. Therefore, change of sheet resistance of the resistor formed with the 
material of a sub collector layer and this quality of the material can be suppressed, and resistance can form the resistance element 
included in tolerance easily. 

[0032] Although it has the etching stop layer of different material between sub collector layers, since this layer is equipped with 
the transition layer which changes to composition of a collector layer or a sub collector layer continuously, the composition can 
change [ layer ] a band gap continuously smoothly in this portion. Therefore, the electron which carries out the high-speed run of 
the collector field by the drift field can be made to be smoothly passed through the change portion of a band gap. Thereby, 
increase of a collector resistance can be prevented and degradation of the RF property accompanying ** between the different 
material from which a band gap differs can be prevented. 

[0033] So, the microwave monolithic IC which carried the heterojunction bipolar transistor which has the output of watt order 
with a GHz band, and the resistance element can be easily manufactured by the good yield. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) the cross section of the compound semiconductor equipment of 1 operation gestalt of this invention, and (B) — 
the enlarged view of the etching stop layer 

[Drawing 2] Explanatory drawing showing the manufacturing process of the above-mentioned compound semiconductor 
equipment. 

[Drawing 3] The cross section of conventional compound semiconductor equipment. 
[Drawing 4] Explanatory drawing of the conventional EPI growth substrate. 
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